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Beginning with amino acid sequence information, can we
predict the structure of a folded protein? This is the main
topic for the following collection of contributions provid-
ing new perspectives on protein structure, function and
protein folding in a framework that is termed ‘the distance
approach’. The contributions are the result of the sympo-
sium entitled “Distance-Based Approaches to Protein
Structure Determination III,” which was held in Copen-
hagen in November 1996.
Let us first recapitulate the present status of the distance-
based approach to protein structure determination and
even protein folding models in general. The central issue
of protein structure prediction is the connection between
the sequence and structure of a protein. Can one infer the
structure from the sequence of amino acids? In homology
modelling (being one of the most prominent methods for
obtaining protein structures), this question operationally
reduces to how similar must the sequence of interest be to
other sequences of known protein structures for a success-
ful modelling of the unknown structure? This is usually
answered by a similarity above the so-called twilight zone
of 25% sequence identity [1]. 
Embedded in the issue of how to predict protein structure
lies the problem of the uniqueness of the folding process
that generates a structure from a given sequence — and
how big a state space has to be searched in order to obtain
the desired optimum of the native state. This problem is
usually termed the Levinthal paradox; the search time is
estimated to be enormous when the search for the global
minimum is random. The new message in many of these
contributions seems to be that the Levinthal problem is
overcome because of the inevitable drive through funnels
[2] of the protein folding process. There are also other
routes for circumventing the Levinthal paradox by consid-
ering topological constraints and influences from the sur-
roundings [3]. Many of these new insights have emerged
by considering proteins on a lattice and simulating their
dynamics [4] as well as their packing symmetry and con-
densed phases during folding [5]. Computer simulation
has become a new laboratory for experimental mathemat-
ics of otherwise intractable molecular dynamics. 
Another surprise is how inaccurate the 3D models still are,
especially with respect to particular important regions
such as loops, despite the great effort invested in the field
of protein structure prediction.
On the bright side, as well as a better understanding of
protein folding, are the immense improvements in experi-
mental accuracy and accumulation of protein structure
data. In the past few years, several thousand new protein
structures have appreared.
The distance geometry approach to protein structure
determination involves protein structure analysis (experi-
mental as well as theoretical) carried out on the basis of
exact distance measures. With respect to experimental
techniques, this implies that protein structures are
described in time or space by means of detailed distance
information within the molecule, rather than protein struc-
ture formation being described by a phenomenological
study of e.g. biochemical reactions. The detailed experi-
mental techniques include X-ray diffraction crystallogra-
phy, nuclear magnetic resonance methods, and neutron
scattering methods. In theoretical studies, the distance
geometry approaches can be protein dynamics and protein
structure prediction, studied under constraints of e.g.
given experimental distance information or fixed distances
within the protein in order to limit the degree of uncer-
tainty in protein structure analysis.
Although the problem of protein structure prediction from
the amino acid sequence is greatly reduced, given knowl-
edge about certain intramolecular distances, one should
still be aware of the complexity in generating a full and
detailed 3D protein structure from often very sparse and,
at best, incomplete information about distances within a
protein. In fact, many experiments can provide only dis-
tance inequalities, rather than exact real valued distances,
and often in a 2D form whereby the mathematical puzzle
of generating the full 3D structure is, in principle, ren-
dered unsolvable. There are nevertheless various approxi-
mation techniques [6] that can circumvent these problems,
mostly with the use of computer simulation techniques.
For a very detailed and thorough treatment of the mathe-
matical problems in distance geometry analysis, the reader
is referred to work by Crippen and colleagues [7].
In the past, theoretical studies of protein folding have been
quite abstract and the basic new knowledge of protein
folding pathways has been obtained by elaborate experi-
ments. However, a new era has arrived with the use of
lattice Monte Carlo techniques and spin glass models [8]
that can simulate folding processes and even evolution. A
protein is schematically represented by links on a 3D
lattice where the thermodynamics of the simulated protein
folding processes can be measured [4]. Also various spin
glass models can help one to understand the shape of the
protein folding landscape (see the contribution from
Karplus). There has been a renewed interest in topological
aspects of protein folding and in protein structure in
general. The origin of secondary structure formation can be
related to the linking and twist of the backbone (see the
contribution from Bohr et al.). Furthermore, the dense
packing of protein sidechains that occurs in the course of
folding and ligand binding can be studied with the help of
more standard molecular dynamics (see the contributions
from Vogt and Argos, and Wade and colleagues).
Specifically, the contributions cover a wide range of sub-
jects within the field of distance-based protein structure
analysis. Some articles (Aszódi and colleagues, Lesk,
Nilges, and Elling et al.) are about comparative modelling,
extraction of well-fitted structures, ambiguities in the dis-
tance data and engineering of metal ion sites. These articles
are all concerned with evaluation of modelled protein struc-
tures. Other articles (Taylor and Munro, and O’Donoghue
and Nilges) are about threading and the use of mean-force
potentials, either connected to multiple sequence studies or
by internal energy functions. Some articles (Crippen and
Karplus) focus on lattice models of proteins, where folding
is discussed in relation to fold recognition and the Levinthal
problem in the light of the funnel picture. Other papers
(Vogt and Argos, and Wade and colleagues) discuss thermal
stability by H-bonding or internal packing and by analyzing
ligand binding on proteins.
Two articles (Olmea and Valencia, and Rost) discuss the
use of evolutionary sequence information for analyzing
structure, either through correlated mutations or with the
use of knowledge-based prediction schemes. There is also
an experimental paper (Nyborg and colleagues) giving
detailed experimental distance data on protein–ligand
complexes either through employment of X-ray crystallog-
raphy and CD techniques.
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